INTRODUCTION
Satellite radar altimeters (ALT) were primarily developed for the measurement of sea surface elevation, from which such properties as the large-scale ocean circulation can be inferred. In addition, they can determine significant wave height quite accurately and wind speed to a lower accuracy [Fedor and Brown, 1982] . Multichannel microwave radiometers (such as SSM/I) can also measure wind speed. They provide a significantly greater spatial coverage than ALT but at poorer spatial resolution. The instrument of choice for the determination of surface wind speeds from an orbiting platform is generally regarded as the scatterometer (SCATT) [Chelton and McCabe, 1985] . While there are many years of data and global coverage from a number of ALT missions, SCATT data are still very limited. As a result, a considerable body of work has concentrated on methods for the accurate determination of wind speed from ALT data.
To date, there have been four satellite altimeters from which useful estimates of wind speed could be made. The first of these was GEOS 3, which operated for a period of approximately 3.5 years until December 1978. Seasat had both ALT and SCATT but operated for the relatively short period from July 1978 until October 1978. The most comprehensive high-quality ALT data available to date were provided by Geosat, which operated from March 1985 until mean squared slope as < s 2 > < 0.08. The existence of such a limit, together with the approximately inverse relationship between (r0 and < s 2 > (ie., small errors in < s 2 > result in large errors in the derived value of U10), implies an upper limit to wind speeds at which ALT can provide useful data. At high wind speeds, however, enhanced white capping may lead to further scattering in a manner similar to that described by Banner and Fooks [1985] . Hence the upper limit to the wind speed at which reliable data can be obtained from ALT is unknown. (2) agreed well over the range of wind speeds for which data were available, they diverged significantly at high wind speeds.
Brown's

Goldhirsh and Dobson Algorithm
In order to develop an algorithm for use with Geosat until more detailed cahbration data became available, Goldhirsh and Dobson, [1985] The possibility of obtaining buoy data to extend these relationships to higher wind speeds is most unlikely. The instrumentation problems under such extreme conditions are considerable. In addition, it is necessary to impose tight spatial and temporal tolerances between buoy and satellite measurements to avoid the introduction of significant errors [Brown et al., 1981] . Hence progress must rely on indirect means to determine the wind speeds for these severe condi- of this is the wind field within a mature tropical cyclone. •.1.1. Tropical Cyclone Parameters. The Holland [1980] wind field model described in section 3 is fully defined by the specification of six parameters: the central pressure P0; the profile shape parameter B; the radius to maximum winds/•; the velocity of forward movement Vim; the angle to maxi- 
In this analysis it was assumed that errors in Vim and
Os would be minor. This is a reasonable assumption since only storms with simple tracks and for which the satellite passed through the eye of the storm were considered. Hence the track and forward motion of the storm were well defined.
The other four parameters were assumed to be random variables distributed normally about their mean values for each storm. The adopted standard deviations of the normal probability distribution for each parameter are summarized in Table 3 .
The determination of these values of fin is to some extent subjective; the rationale for the present choices is, however, described below. For variables which follow a normal probability distribution, 68% of values will lie within :krrn of the mean and 95% within q-2ffn. The radius to maximum winds, /i [Dvorak, 1975] . The parameter B has been determined for the chmatological relationship (7). As such, its precision is difficult to estimate. Holland [1980] has, however, shown that it must lie between 1.5 and 2.5.
On the basis of this possible range, a value of (rn = 0.2 was adopted. As mentioned earher, there can be significant variabihty in the position of the maximum winds. To reflect this uncertainty, the quite large value of (rn = 50 o was adopted for this parameter.
The intention of the Monte Carlo simulation is to determine whether these random errors introduce any net bias in the results and whether the observed scatter is consistent with such errors. Hence it is believed that the necessarily An error source, however, which could introduce a net bias in the result would be the influence of atmospheric precipitation. The tropical cyclones considered in this study will almost certainly be accompanied by significant preci pitation. Emery et al. [1990] have shown that atmospheric water vapor degrades the radar return and hence would reduce the observed values of (r0. As well as influencing the radar transmission through the atmosphere, rainfall affects the water surface directly. Tsirnplis and Thorpe [1989] show that rainfall tends to attenuate the high wavenumber components of the wave spectrum. This would result in less radar scattering and higher vaJues of (r0.
Of the two effects mentioned above, one acts to increase (r0, the other to decrease it. The relative magnitudes of these two effects are difficult to quantify. It would be possible to make an estimate of the atmospheric water vapor for the tropical cyclones under consideration and hence correct (r0. Jackson et al. [1992] show that the mean square slope < s 2 > can be related to the radar nadir cross section by where P•n --0.38. Figure 7 shows the data of Figure 6 expressed in terms of < s 2 > using (9), together with the 95% confidence limits on the result. The theoretical upper limit to < s 2 > proposed by Plant [1982] and Jackson et al.
[1992] is also shown. Except for the data outliers mentioned earlier (tropical cyclone 2), the data are generally below the Plant [1982] limit.
DISCUSSION AND CONCLUSIONS
Existing wind speed algorithms for spaceborne altimeters have been developed from data within the range U10 = 0 to 20 m/s. When extrapolated to higher wind speeds, the various algorithms yield divergent results. As the probability of obtaining data at wind speeds in excess of 20 m/s during a satellite overpass is extremely low, progress in extending the wind speed algorithm to higher values requires an indirect means of determining the surface wind speed. One means of achieving such estimates would be to rely on meteorological predictions of wind speed. The success of such a process, however, is critically dependent on the accuracy of these predictions.
In an effort to reduce possible errors, this study examined Geosat passes that traversed the eyes of mature, stable tropical cyclones. These meteorological systems produce intense winds that, due to the nature of the well-organized pressure field, can be predicted with reasonable accuracy using analytical models. On the basis of the predicted wind fields for six tropical cyclones, an estimate of the Geosat ALT wind converted to mean squared slope using equation (9). The theoretical upper limit to mean squared slope proposed by Plant [1982] is also shown together with the 95% confidence limits on the mean fit to the data.
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Owing to the significant data scatter and the inherent lack of accuracy of the altimeter at high wind speeds, the resulting wind speed algorithm is only an estimate. The results, however, show a clear trend within the scatter. The result is supported by the fact that at its lower limit of applicability (U10 --20 m/s), it is consistent with the higher quality low wind speed algorithms. A further check on the result can be made by determining the water surface mean squared slope corresponding to the measured radar cross section, for which there is a theoretical upper limit. The data generally lie below this limit, indicating that it has not saturated and contains information on the surface wind speed. It is unlikely that altimeters can be used to obtain highly accurate wind speed predictions at high wind speeds. The results presented above show, however, that estimates of the wind speed can be made from altimeter data for wind speeds up to 40 m/s.
